The distribution of peptidergic nerve fibers containing substance P (SP), calcitonin gene-related pep tide (CORP), vasoactive intestinal polypeptide (VIP), and neuropeptide Y (NPY) in the cerebral arteries and veins of the guinea pig was studied using immunohistochemical techniques. The ultrastructure of these immunoreactive nerve terminals was also compared. The cerebral arteries were innervated by abundant peptidergic nerve fibers with characteristic running patterns, i.e., SP fibers in a meshwork, VIP and NPY fibers in a spiral fashion. Only CORP fibers showed both meshwork and spiral patterns. In the cerebral veins, the abundant SP fibers innervated the cortical veins, deep cerebral veins, and dural sinuses. However, CORP, VIP, and NPY fibers in extremely low density were noted merely in the cortical veins. Electron microscopic observations demonstrated that SP-immuno reactive nerve terminals existed apart from the arterial
It has been recognized that cerebral arteries are innervated by aminergic and cholinergic fibers (Falck et aI., 1965; Nielsen and Owman, 1967; Iwayama et aI., 1970; Nelson and Rennels, 1970; Edvinsson et aI., 1972; Borodulya and Pletchkova, 1973; Itakura et aI., 1977) . Recently developed im munohistochemical techniques have also demon strated the presence of many peptidergic nerve fi bers in the cerebral arteries (Larsson et aI., 1976; Edvinsson et aI., 1980 Edvinsson et aI., , 1981 Edvinsson et aI., , 1983a Edvinsson et aI., , 1987a Udd man et aI., 1981 Udd man et aI., -1983 Furness et aI., 1982; Liu Chen et aI., 1983; Yamamoto et aI., 1983; smooth muscle cells, while VIP-and NPY-immunoreac tive nerve terminals adjoined them. As for CORP nerve terminals, some existed close to the arterial smooth mus cle cells, and others were found some distance from them. These morphological characteristics observed by light and electron microscopy suggest that SP fibers are not related directly to the vasomotor function, but VIP and NPY fibers are, and that CORP fibers have a more complicated function. The distribution patterns of the peptidergic nerve fibers are consistent with the sugges tion that vasomotor peptidergic fibers may function ac tively on cerebral arteries and passively on cerebral veins and that SP fibers regarded as sensory fibers may provide information regarding cerebral vascular conditions, inner vating every part of both cerebral arteries and veins. Key Words: Cerebral artery-Cerebral vein-Electron mi croscopy-Immunohistochemistry-Neuropeptide.
aI., 1984). Furthermore, it has been shown that ce rebral veins are innervated by aminergic fibers (Ed vinsson et aI., 1982 (Ed vinsson et aI., , 1983b Nakakita et aI., 1983) and peptidergic nerve fibers, e.g., substance P (SP), vasoactive intestinal polypeptide (VIP), calcitonin gene-related peptide (CGRP), and neuropeptide Y (NPY) fibers (Edvinsson et aI., 1982; Itakura et aI., 1987) . These investigations suggest that there is elaborate neurogenic control of the cerebral circu lation in both the arteries and the veins. Some ob servers have described the vasomotor function of these peptidergic fibers (Edvinsson et aI., 1982 (Edvinsson et aI., , 1985 (Edvinsson et aI., , 1987a Dacey et aI., 1988; Kawasaki et aI., 1988; Hongo et aI., 1989) . However, these detailed morphological characterizations provided little in formation about the peptidergic nerve fibers in ce rebral blood vessels and especially their ultrastruc tural characteristics. Therefore, in this study, de tailed light and electron microscopic observations of the periarterial and perivenous peptidergic fibers were made.
MATERIALS AND METHODS
Sixty-five guinea pigs weighing 200-300 g were used in this study. The animals were anesthetized with pentobar bital (Nembutal; 50 mg/kg i.p.) and perfused via the as cending aorta with 300 ml of a mixed solution containing 2% paraformaldehyde and 0.25% glutaraldehyde buffered with 0.1 M phosphate buffer (pH 7.4, 2-4°C) at a flow rate of 60 mllmin. After perfusion, the brain was taken out and the cerebral arteries and veins were removed under an operative microscope. Then they were postfixed with a mixed solution containing 2% paraformaldehyde buffered with 0.1 M phosphate buffer at 2-4OC for 24 h and stored in phosphate-buffered saline (PBS) containing 0.1 or 0.3% Triton X-100 (for electron or light microscopic studies, respectively) at 2-4°C for 4 days.
The vessels studied in the present experiment were proximal (300-500 Il-m in diameter) and distal (60-80 Il-m in diameter) parts of the middle cerebral arteries, the su perficial cortical veins, the internal cerebral veins, and the superior sagittal sinus.
Immunohistochemistry
The vessels were immersed in PBS containing 0.1 or 0.3% Triton X-100 mixed with each diluted primary rabbit antibody (anti-SP, 1:5,000; anti-CGRP, 1:2,400; anti-VIP, 1:5,000; anti-NPY, 1 :800). Anti-SP and anti-VIP antibod ies were purchased from Immunonuclear Corp. (MN, U.S.A.); anti-CGRP and anti-NPY antibodies were ob tained from Malmo Immunolaboratorium (Malmo, Swe den). The specificity of the antisera was established by the absence of immunoreactive staining after preabsorp tion of the antisera with 10 and 50 Il-M pure SP, CGRP, VIP, and NPY (Sigma). After a brief rinsing with Triton X-100/PBS solution, the blood vessels were treated with goat anti-rabbit immunoglobulin G (l :200; Miles) for 4 h at 4°C. Following rinsing with Triton X-100/PBS solution, the specimens were then immunostained by the peroxi dase-antiperoxidase method. For the light microscopic study, the specimens were immersed for 1 min in 0.1 % OS04 solution containing 0.1 M phosphate buffer, which made the immunostained nerve fibers more distinct. Then they were dehydrated with alcohol, mounted on gelati nized slides, covers lipped , and observed under a light microscope (Biophoto; Nikon). For the electron micro scopic study, the specimens were postfixed in 1% OS04 solution containing 0.1 M phosphate buffer for 1 h, dehy drated with alcohol, and embedded in Epon. Ultrathin sections were made and observed without staining with an electron microscope (H 300; Hitachi). The spatial dis tribution of SP-and VIP-containing nerve terminals was examined by measuring the distance between the outer margin of the muscle layer and the nerve terminals on electron micrographs.
RESULTS

Cerebral arteries
Light microscopic study Many CGRP-immunoreactive nerve fibers were also observed running in a meshwork pattern. How ever, some of these fibers ran in a spiral pattern.
These spiral fibers were found densely, especially at the bifurcation of the internal carotid artery. In the distal arteries, the CGRP fibers exhibited a meshwork pattern and decreased in density ( Electron microscopic study SP-immunoreactive terminal boutons were ob served in the adventitia of the cerebral arteries ( Fig.   2a ). Most of them existed at a distance from the smooth muscle cell layer. More than 80% of termi nals were >2 fLm from the muscle layer. Most of these terminals, unlike other immunoreactive nerve terminals, were surrounded by Schwann cells.
Some of the CGRP-immunoreactive nerve termi nals were observed relatively close to the smooth muscle cells, while others existed at a distance from the muscle layer. A very small number of terminals closely adjoined the muscle cells. Although the CGRP-immunoreactive nerve fibers in the light mi croscopic study resembled SP fibers in their run ning pattern, electron microscopic findings revealed a substantially different pattern of existence be tween these two types of nerve terminals.
Most VIP-immunoreactive nerve terminals ad joined the arterial smooth muscle cells (Fig. 2b) , with �80% of them within a distance of 1 fLm from the smooth muscle cells.
NPY-immunoreactive nerve terminals were also found close to the smooth muscle cells.
Cerebral veins
Light microscopic study
Many SP-immunoreactive nerve fibers were ob served in the superficial cortical veins, internal ce rebral veins, and superior sagittal sinus. The fibers in each vein were distributed equally in density.
However, VIP, CGRP, and NPY nerve fibers could be seen only in the superficial cortical veins, al though their density was extremely low (Fig. 3) .
Electron microscopic study
In the cerebral veins, SP terminals in the internal cerebral veins tended to exist in the outer layer of the adventitia. CGRP-, VIP-, and NPY-immunore active terminals in the cortical veins were observed in the inner layer of the adventitia (Fig. 4) .
DISCUSSION
Recently, with the progress in immunohisto chemical techniques, the study of neuropeptides has been extensive, and their function in the central These fibers seem to be related to each other both morphologically and functionally. However, mor phological differences in the running patterns of these two nerves were found in this study. CGRP fibers ran in a spiral fashion at the bifurcation of the internal carotid artery, whereas the spiral running pattern was never seen in SP fibers. Differences in CGRP and SP fibers were also observed in the elec tron microscopic study. Some of the CGRP immunoreactive terminals existed relatively close to the arterial smooth muscle cells, while most of the SP terminals were some distance from the arte rial muscle cells. These morphological observations in the present study suggest that CGRP fibers have a more complicated function. Lundberg et al. (1985) observed that CGRP fibers disappeared after cap saicin treatment, which supported a sensory origin of these neurons. The CGRP fibers running in a meshwork pattern observed in this study are sup posed to be sensory neurons, as well as SP fibers.
In contrast, the experiments concerning vasomotor function of CGRP fibers proved the vasorelaxant effect of CGRP in arteries and arterioles (Brain et aI., 1985; Hanko et aI., 1985; McCulloch et aI., 1986; Uddman et aI., 1986; Edvinsson et aI., 1987b) . 
1982). Simultaneous observation of VIP fibers by
immunostaining and cholinergic fibers by acetyl cholinesterase staining showed that VIP coexisted with acetylcholine in the same perivascular nerves (Lundberg et aI., 1979; Itakura et aI., 1984; Hara et aI., 1985) . Seylaz et al. (1988) (Suzuki et aI., 1988; Edvinsson et aI., 1989; Hara et aI., 1989) . Q(tB ' , cause of their extremely low density. Therefore, the vasodilatative response to VIP and CGRP in pial veins is weaker than that observed in pial arteries (Edvinsson et aI., 1982 (Edvinsson et aI., , 1986 . It is supposed that the functional response to NPY in the cerebral veins is also the same as that in the cerebral arter ies, but the magnitude of the venous response must be much weaker than that of the arterial response.
Although peptide-immunoreactive nerve terminals were observed in the cortical veins, typical muscle cells could not be seen electron microscopically; therefore, it is unknown how the cortical veins con strict or dilate. However, the existence of muscle like cells and pericytes in the walls of the cortical veins has been demonstrated by electron micro scopic studies (Edvinsson et aI., 1983b,c; Nakakita et aI., 1983) . Vasomotor function in the cortical veins may be performed by these muscle-like cells and even by pericytes (Owman et aI., 1977) . (Nakakita et aI., 1983) 
